PURPOSE: Despite progress in medical treatment for ulcerative colitis, a considerable fraction of ulcerative colitis patients undergo colectomy. We analyzed the clinical variables of ulcerative colitis patients and determined the risk factors and indications for colectomy. METHODS: The clinical records of 981 consecutive Japanese patients with ulcerative colitis were reviewed both retrospectively and prospectively. RESULTS: Of 981 patients with ulcerative colitis, 85 patients underwent colectomy. Multivariate analysis indicated that male gender (risk ratio, 2.16; 95 percent confidence interval, 1.37-3.42), onset year during and after 2000 (risk ratio, 2.85; 95 percent confidence interval, 1.31-6.22), severe disease activity (risk ratio, 2; 95 percent confidence interval, 1.15-3.48), corticosteroid resistance (risk ratio, 7.05; 95 percent confidence interval, 4.29-11.59), and complications because of corticosteroid administration (risk ratio, 3.55; 95 percent confidence interval, 2.08-6.06) were significant risk factors for colectomy. In patients with disease duration of more than five years, only corticosteroid resistance and complications because of corticosteroid were significant risk factors for colectomy. When we stratified indications for colectomy for the 85 cases via patient disease duration, massive hemorrhage was a relatively frequent cause of colectomy in patients with a disease duration of less than five years (P = 0.091). On the other hand, colon dysplasia or cancer was a major cause for colectomy in patients with a disease duration of more than ten years (P = 0.0001). CONCLUSIONS: In ulcerative colitis patients, the risk factors and indications for colectomy were different according to the patient's clinical background. Our findings may help to predict patients with ulcerative colitis who have a high risk for
PURPOSE: Despite progress in medical treatment for ulcerative colitis, a considerable fraction of ulcerative colitis patients undergo colectomy. We analyzed the clinical variables of ulcerative colitis patients and determined the risk factors and indications for colectomy. METHODS: The clinical records of 981 consecutive Japanese patients with ulcerative colitis were reviewed both retrospectively and prospectively. RESULTS: Of 981 patients with ulcerative colitis, 85 patients underwent colectomy. Multivariate analysis indicated that male gender (risk ratio, 2.16; 95 percent confidence interval, 1.37-3.42), onset year during and after 2000 (risk ratio, 2.85; 95 percent confidence interval, 1.31-6.22), severe disease activity (risk ratio, 2; 95 percent confidence interval, 1.15-3.48), corticosteroid resistance (risk ratio, 7.05; 95 percent confidence interval, 4.29-11.59), and complications because of corticosteroid administration (risk ratio, 3.55; 95 percent confidence interval, 2.08-6.06) were significant risk factors for colectomy. In patients with disease duration of more than five years, only corticosteroid resistance and complications because of corticosteroid were significant risk factors for colectomy. When we stratified indications for colectomy for the 85 cases via patient disease duration, massive hemorrhage was a relatively frequent cause of colectomy in patients with a disease duration of less than five years (P = 0.091). On the other hand, colon dysplasia or cancer was a major cause for colectomy in patients with a disease duration of more than ten years (P = 0.0001). CONCLUSIONS: In ulcerative colitis patients, the risk factors and indications for colectomy were different according to the patient's clinical background. Our findings may help to predict patients with ulcerative colitis who have a high risk for colectomy. [Key words: Ulcerative colitis; Inflammatory bowel disease; Colectomy; Risk factor; Indication] U lcerative colitis (UC) is a worldwide, chronic, idiopathic, inflammatory disease of the rectal and colonic mucosa. UC affects approximately 250,000 individuals in the United States, with an incidence rate of 2 to 6 per 100,000 people per year. 1 Patients suffer from abdominal pain, diarrhea with blood, tenesmus, and urgency to defecate. In Japan, the number of patients with UC was reported to be only 4,400 in 1980. However, the number increased abruptly in recent years, which was estimated to be approximately 80,000 persons in 2002; this number increases at a rate of approximately 5,000 persons each year.
Patients with UC are usually treated with medical therapies, such as 5-aminosalicylic acids, corticosteroids, and immunosuppressive agents (azathioprine, 6-mercaptopurine, and cyclosporine). In addition, leukocytapheresis therapy has recently become available in Japan and is effective for a fraction of patients who resist high-dose continuous intravenous corticosteroid therapy. 2 However, a considerable fraction of patients with UC are resistant to these medical therapies and require colectomy. The cumulative colectomy rate among patients with UC has been reported at 8 to 20 percent and 11 to 28 percent at five and ten years after onset, respectively. [3] [4] [5] [6] Recently, proctocolectomy and reconstruction with an ileal pouch-anal anastomosis has become the leading surgical procedure for patients with UC and has provided both acceptable function and quality of life. 7, 8 However, there are many complications associated with this surgical procedure, such as pelvic sepsis, high stool frequency, fecal incontinence, evacuation disorders, and pouch failure. It, therefore, seems important to identify the risk factors contributing to colectomy and to determine the indications that are responsible for colectomy. Although several reports have demonstrated risk factors and indications for colectomy in patients with UC, 3, [9] [10] [11] [12] [13] the differences among the reported risk factors and indications according to patients' disease profiles were scarcely documented.
We analyzed the demographic and clinical variables of 981 consecutive patients with UC and determined the risk factors and indications for colectomy. The differences in these risk factors and indications according to patients' clinical background also were examined.
PATIENTS AND METHODS
We established a registry system for patients with UC in December 2000. This registration contained detailed information regarding all patients with a confirmed diagnosis of UC, treated at Okayama University hospital and 22 affiliated hospitals. These 23 hospitals are the referred hospitals of gastroenterology, which cover roughly 4.7 million people in the Midwest portion of Japan. Two hospitals have >800 beds, 7 have 500 to 800 beds, 10 have 200 to 500 beds, and 4 have <200 beds. In this study, patients who visited our hospitals with a diagnosis of UC, or who were initially diagnosed as UC in our hospitals between January 1961 and December 2000, were retrospectively enrolled. Patients with UC who visited our hospitals for the first time after January 2001 were enrolled prospectively.
Retrospective enrollment was performed as follows. At each hospital, an index of all diagnoses dating back to 1961 was consulted. These indices were searched to identify all previous UC cases. A total of 787 patients were entered in this retrospective enrollment, with patient data obtained from clinical records.
Since January 2001, prospective enrollment was performed consecutively at each hospital. All patients with UC visiting study hospitals for the first time were registered. Before July 2002, a total of 194 patients were prospectively enrolled.
Thus, a total of 981 patients enrolled before July 2002 were analyzed. Starting in January 2001, patient data were collected prospectively twice per year via a data collection sheet, which contained detailed items regarding the clinical aspects of UC. If clinical data before visiting our hospitals were required, data were obtained from other institutes that patients had previously consulted, with the approval of each patient. In this study, data for each patient were followed until the day of surgical treatment, or until August 2003. The duration of disease was defined as the period between disease onset and the day of surgical treatment for patients with colectomy, whereas for patients without colectomy, this quantity was defined as the period between the time of onset and the last hospital visit or the day of death during the study period. In August 2003, data collection was closed, and all of the obtained data were analyzed. This study protocol was approved by the Institutional Review Board of Okayama University Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences.
Assessment of Disease
The diagnostic criteria for UC were based on the presence of at least three of the four following criteria, after previous exclusion of infectious and neoplastic disease 14 : 1) typical case history with diarrhea and/or blood and/or pus in the stools for more than a week, or in repeated episodes; 2) typical findings on sigmoidoscopy with granulated, friable mucosa with or without ulcerations of the mucosa; 3) histologic and/or cytologic signs of chronic inflammation of the mucosa; and 4) radiologic or colonoscopic signs of inflammation with a spiculated, granulated inner surface of the colon proximal to the rectum and/or frank ulcerations. In some cases, the final diagnosis was made years after the initiation of symptoms.
The extent of disease at diagnosis was assessed by using colonoscopy and/or double-contrast colonography based on the macroscopic findings. According to the extent of disease, each UC case was classified as follows: pancolitis, left-sided colitis, and proctitis. Pancolitis included disease for which the macroscopic inflammation had spread over the proximal portion of splenic flexure. Patients with left-sided colitis had an inflammation that spread over the rectum but was limited to the distal portion of the splenic flexure. Proctitis was defined as colitis in which the inflammation involved the rectum only.
Severity of UC at diagnosis was determined by using a modification of the criteria of Truelove and Witts. 15 Severe colitis was defined as the disease accompanied by the passage of six or more bloody stools per day, along with all of the following criteria: temperature >37.5-C; tachycardia, with heart rate >90 beats per minute; hemoglobin level <75 percent of normal, or <10.5 g/dl; and erythrocyte sedimentation rate >30 mm per hour. Mild colitis was defined as the disease accompanied by the passage of fewer than four bloody stools per day, along with all of the following criteria: temperature <37.5-C; heart rate <90 beats per minute; hemoglobin level >75 percent of normal, or >10.5 g/dl; erythrocyte sedimentation rate <30 mm per hour. Moderate colitis was defined as intermediate between mild and severe colitis.
Corticosteroid resistance implied both a steroidrefractory and steroid-dependent course. The course of steroid-refractory patients represented little or no improvement after two weeks of intravenous steroid therapy (with at least 40 mg of prednisolone daily). Meanwhile, an inability to decrease the corticosteroid dosage to <10 mg per day of prednisolone indicated a steroid-dependent course. Complications because of corticosteroid administration included osteoporosis, diabetes, and compromised infections, etc. Extraintestinal manifestations indicated primary sclerosing cholangitis, pyoderma gangrenosa, and erythema nodosum, etc.
Indications for Colectomy
The indications for colectomy were classified as follows: intractable disease with persistent symptoms despite maximal medical therapy; massive colonic hemorrhage; colon dysplasia or cancer confirmed via accepted pathologic criteria; 16 colonic perforation; toxic megacolon as previously described; 17 and colonic stenosis. Patients with the above symptoms underwent proctocolectomy with permanent ileostomy or restorative proctocolectomy. For patients receiving more than one operation, statistical analysis was performed for the initial procedure.
Statistical Analysis
Statistical analysis was conducted by using the SAS \ System for Windows, version 8.0 (SAS Institute, Cary, NC). The chi-squared test and Fisher's exact test were used to compare two discrete variables. Significance of differences for continuous variables was assessed by the Mann-Whitney U test. The cumulative probability of colectomy was estimated by using the method of Kaplan-Meier. Possible predictors for colectomy included the following eight variables: gender, age at onset, year at onset, disease extent at diagnosis, disease activity at diagnosis, corticosteroid resistance, complications because of corticosteroid administration, and the existence of extraintestinal manifestations. Univariate and multivariate analyses with various parameters were performed by using Cox proportional hazards model for all 981 patients. The risk ratio (RR) together with 95 percent confidence intervals (CI) was calculated to estimate the relative risk of colectomy associated with the various parameters. Log-rank test was indicated to compare the cumulative probabilities of colectomy according to disease duration. P values < 0.05 were considered significant.
RESULTS

Patient Profile
The clinical profiles of 981 (506 males) enrolled patients with UC are depicted in Table 1 . The median age at onset was 34 (range, 5-91) years. The number of patients with an onset at younger than aged 40 years was 606 (62 percent), whereas the number of patients with an onset at older than aged 40 years was 375 (38 percent 
Disease Duration and Probability of Colectomy
Of the 981 enrolled patients, 85 (9 percent; male:female ratio, 49:36) underwent colectomy during the study period. The proportion of patients who received the operation in two hospitals with > 800 beds was significantly higher than that in other smallscale hospitals (13 vs. 7 percent; P = 0.0016). The cumulative probability of colectomy is illustrated in Figure 1 . This result indicates that patients with disease duration of less than five years and more than ten years had a relatively increased likelihood of colectomy (average, 2.3 percent/year, and 2.1 percent/year, respectively). In contrast, patients with disease duration of five to ten years had a relatively low likelihood of colectomy (average, 1 percent/ year). The difference in probability of colectomy was significant between patients with disease duration of five to ten years and those with disease duration of more than ten years (P = 0.001, log-rank test).
Risk Factors Contributing to Colectomy
To clarify the predictors of colectomy, eight clinical parameters, including gender, onset age Figure 1 . Cumulative probability of colectomy among 981 patients with UC. Patients with disease duration of less than five years and more than ten years had a relatively increased risk of colectomy (average, 2.3 percent/year and 2.1 percent/year, respectively). In contrast, patients with disease duration of five to ten years had a relatively low risk of colectomy (average, 1 percent/year). The difference in probability of colectomy was significant between patients with disease duration of five to ten years and those with disease duration of more than ten years (P = 0.001, log-rank test). 
Risk Factors for Colectomy Stratified by Disease Duration
Because the colectomy rate varied according to patient disease duration (Fig. 1) , we determined the predictors of colectomy, stratified by disease duration ( 
Disease Duration and Indications for Colectomy
Indications for colectomy in 85 patients are shown in Table 4 . Fifty patients (59 percent) underwent colectomy because of intractable disease, 14 (16 percent) because of massive colonic hemorrhage, and 13 (15 percent) because of colon dysplasia or cancer. Colonic perforation was a cause of surgical treatment in six patients. Five patients underwent colectomy because of toxic megacolon and another four patients underwent colectomy because of colonic stenosis. Patients could have more than two indications.
Because the chance of colectomy varied according to disease duration, we stratified the indications for colectomy according to this factor ( Table 4 ). The major indication was intractable disease, regardless of disease duration. The necessity of surgical treatment because of massive colonic hemorrhage was observed relatively frequently in patients with a disease duration of less than five years (P = 0.091). In contrast, colon dysplasia or cancer was dominant as the surgical indication in patients with disease duration of more than ten years (P < 0.0001). 
DISCUSSION
We examined the clinical profiles of 981 Japanese patients with UC and determined the risk factors contributing to undergoing colectomy and the indications for colectomy. In our study, risk for colectomy varied according to disease duration. Particularly, patients with disease duration less than five years and more than ten years were at a greater risk of colectomy. Therefore, we examined the relationship between these risk factors and indications, and patient's disease duration.
Via multivariate analysis, male gender, an onset year during and after 2000, severe disease activity at diagnosis, corticosteroid resistance, and complications because of corticosteroids were identified as predictors for colectomy. To our knowledge, there were only two studies demonstrating the risk factors for colectomy in patients with UC on a large scale. 3, 5 Leijonmarck et al. 3 analyzed 514 colectomy cases of 1,586 patients with UC and identified the pancolitis type of disease at diagnosis as the only risk factor for colectomy. However, they did not evaluate the severity of disease in their analysis. Sinclair et al. 5 analyzed 537 patients, including 59 colectomy cases, and demonstrated that both extent and severity of disease at diagnosis were risk factors for colectomy. However, they did not refer to the relationship between the extent and severity of disease. In our study, the extent of disease at diagnosis was identified as a risk factor for colectomy via univariate analysis, but not via multivariate analysis. In the meanwhile, severity at diagnosis was identified as a risk factor, even in multivariate analysis. Our results suggested that severity was a more important risk factor for colectomy than extent of disease, although patients with severe colitis often involved pancolitis.
Corticosteroid resistance and complications because of corticosteroid administration were identified as risk factors for colectomy. In particular, complications because of corticosteroid administration were a significant predictor for colectomy, regardless of patient's disease duration. Of the five patients who suffered from Pneumocystis carinii pneumonia, three patients later underwent colectomy, and one died of Pneumocystis carinii pneumonia. Moreover, 10 of 17 patients with osteoporosis underwent colectomy. These results suggest that the long-term administration of corticosteroids induces an unfavorable clinical course in patients with UC.
Our results indicated that patients with a recent onset were more likely to undergo colectomy. This may be because of recent progress of restorative operation. In Japan, restorative operation has become prevalent rapidly in the last decade. On the other hand, immunosuppressive agents, including cyclosporine and infliximab, were rarely used, because the Japanese Ministry of Health, Labor and Welfare has not yet approved these therapies for UC. This governmental policy also may be one of the causes of the recent increase in operation, although it is still unresolved whether cyclosporine or infliximab enables patients with UC to evade surgical operation.
In our study, male gender was identified as a risk factor of colectomy. Although the reason for this result is unknown, some hypotheses are conceivable. In Japan, surgical therapy for UC became prevalent during the past decade. During this decade, the proportion of males increased in Japanese patients with UC (Fujimoto et al., unpublished data). The recent increase in the proportion of male patients may be directly responsible for the higher risk of colectomy. That male gender was a significant risk factor in patients with a disease of duration less than five years (Table 3 ) seems to support this hypothesis. Alternatively, surgical therapy might be avoided for female patients particularly within five years after onset, because of cosmetic problems, anxiety about pregnancy, and childbirth. It is an important finding that an onset age of older than 40 years was a significant risk factor for colectomy in patients with disease duration of less than five years. In fact, 11 of 13 patients (85 percent) who underwent colectomy because of intractable disease, with an onset age of older than 40 years received surgery within five years after onset. This result may suggest that patients with an older age of onset were likely to be resistant to medical treatment or to experience complications within a short period. Therefore, these patients should be carefully followed up, especially during the early period after onset. Moreover, it should be noted that a previous report indicated that older male patients with UC treated with colectomy were susceptible to poor outcomes after surgery. 18 In our study, massive hemorrhage relatively frequently caused colectomy in patients with a disease duration of less than five years (Table 4) , and in patients with an onset at younger than aged 40 years (data not shown). Although a previous report indicated that massive hemorrhage because of UC occurred preferentially in younger patients, 19 this report was based on data collected before 1986, and recent reports have scarcely referred to this issue. Massive hemorrhage is generally involved in severe disease activity. In addition, Langholz et al. 14 reported that the disease activity for most patients with UC with long disease duration gradually became mild. Therefore, our result suggested that if patients with UC with younger onset are able to progress beyond the severe state at an early period after onset, they may have less chance of receiving colectomy, at least before the period in which the occurrence of colon dysplasia or cancer becomes frequent.
Our result that colon dysplasia or cancer caused colectomy mostly in patients with a disease duration of more than ten years was consistent with previous reports. 20, 21 As for the relationship between onset age and the occurrence of colon dysplasia or cancer, Ekbom et al. 20 reported that the cumulative incidence of colorectal cancer in pancolitis patients with an onset age of older than 40 years was higher than that in patients with a younger age of onset, when patients were followed up to 20 years (16 vs. 5 percent). They also showed that the incidence of colorectal cancer in patients with onset at younger than 40 years became extremely high after more than 20 years of follow-up. Although patients with an onset age of older than 40 years were prone to undergo surgery because of colon dysplasia or cancer than those with an onset age of younger than 40 years in our study (24 vs. 10 percent, data not shown), the median follow-up period of our study was 6 years. Therefore, if we were to follow up these patients for a longer period, our results may be variable.
Because a portion of this study was retrospective, lack of essential predictive factors of colectomy, such as smoking habit, past history of appendectomy, and use of immunosuppressive agents, was inevitable. Both smoking and appendectomy are known to play a protective role in UC. [22] [23] [24] [25] In addition, use of immunosuppressive agents, such as 6-mecrcaptopurine and azathioprine, is now established as the mainstay of maintenance therapy for UC. 26 Therefore, the lack of these parameters possibly yields a relevant bias. However, surprisingly, Japanese Ministry of Health, Labor and Welfare has not yet approved the use of these agents for patients with UC in 2006. Therefore, only relatively few patients may have received these drugs in our cohort.
Selection bias because of hospital-based registry also should be considered. Our results indicated that patients in large-scale hospitals were more likely to undergo colectomy. This tendency may be caused by the bias that these hospitals would be expected to see sicker patients. On the contrary, our cohort may have fewer patients with lower disease activity than expected, because these patients were usually followed by practitioners and would not visit our hospitals.
Finally, a relatively short follow-up period (median, 4.3 years in nonsurgical patients) also may yield bias. However, almost all of patients who did not receive colectomy in our study period are now followed continuously. In the future, more detailed analysis would be expected.
CONCLUSIONS
We determined risk factors and indications for colectomy in patients with UC. Those risk factors and indications were found to be different according to patient's clinical background. Therefore, patients with UC should be carefully consulted regarding individual clinical disease characteristics. Moreover, our findings may help to predict patients with UC who have high risk for colectomy.
